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ABSTRACT
Curcuma longa (C. longa) rhizome extract has been traditionally used to treat many infections.
Curcumin, a pure compound isolated from the plant, has been documented to possess a wide
spectrum of pharmacological effects. The present study aimed to investigate the effects of Thai
medicinal plant extracts including C. longa extract and Curcumin on Acanthamoeba triangu-
laris, a causative agent of human Acanthamoeba keratitis. The parasite was isolated from the
recreational reservoir at Walailak University, Thailand. The organism was identified as
A. triangularis using morphology and 18S rDNA nucleotide sequences. The pathogen was
tested for their susceptibility to ethanol extracts of Thai medicinal plants based on eye infection
treatment. The ethanol C. longa extract showed the strongest anti-Acanthamoeba activity
against both the trophozoites and cysts, followed by Coscinium fenestratum, Coccinia grandis,
and Acmella oleracea extracts, respectively. After 24 h, 95% reduction of trophozoite viability
was significantly decreased following the treatment with C. longa extract at 125 µg/mL,
compared with the control (P < 0.05). The extract at 1,000 µg/mL inhibited 90% viability of
Acanthamoeba cyst within 24 h, compared with the control. It was found that the cysts treated
with C. longa extract at 500 µg/mL demonstrated abnormal shape after 24 h. The MIC values of
C. longa extract and Curcumin against the trophozoites were 125 and 62.5 µg/mL, respectively.
While the MICs of the extract and curcumin against the cysts were 500 and 1,000 µg/mL,
respectively. The results suggested the potential medicinal benefits of C. longa extract and
Curcumin as the alternative treatment of Acanthamoeba infections.
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1. Introduction

Free-living amebae belonging to the genus
Acanthamoeba are protozoa ubiquitously in nature
such as water and soil. The protozoa are causative
agents of several diseases including granulomatous
amebic encephalitis [1–3] and amebic keratitis [4]. The
occurrence of Acanthamoeba keratitis in contact lens
users can cause severe vision loss and complete blind-
ness [5]. In addition, the infection caused by the organ-
ism is severe in immunocompromised patients. The
parasite has two stages of growth including trophozoite

and cyst. Trophozoite is a vegetative amoeba form
moving by amoeboid locomotion. Cyst form is dormant
stage that survives in harsh environment conditions
such as lack of nutrients. Acanthamoeba cysts are classi-
fied into three groups including astronyxids, polypha-
gids, and culbertsonids [6]. The cysts contain two strong
layers of cyst wall including ectocyst and endocyst walls.
Acanthamoeba cysts have been reported to resist to
antimicrobial substances [7,8]. Therefore, the treatment
of Acanthamoeba infections is difficult due to its double-
walled cyst layers.
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In an attempt to overcome the infections caused by
Acanthamoeba spp., targeting natural compounds for
their anti-parasitic properties could be applied for the
treatment. Plant-derived compounds have been
focused to treat Acanthamoeba infection due to the
activities of their bio-activemolecules. Trigonella foenum
graecum seeds decreased the numbers of viable tropho-
zoites and cysts of a clinical strain of Acanthamoeba
genotype T4 [9]. Artemisia annua extract and its pure
compound, artemisinin, inhibited Acanthamoeba kerati-
tis, genotype T4 in vitro and in vivo study [10]. So far,
there was no similar study done in southern Thailand.

The present study is therefore highlighted on the
ethanol extracts of Thai medicinal plants based on eye
infection treatment. The objective of this study was to
investigate the anti-Acanthamoeba activity of Curcuma
longa extract and Curcumin compound against
a pathogenic free-living amoeba (FLA) of Acanthamoeba
triangularis isolated from Walailak University reservoirs.

2. Materials and methods

2.1. Water sample

Three liters grabbed water samples of 8 points were
collected from two reservoirs including recreational and
botanical garden reservoirs at Walailak University,
Nakhon Si Thammarat, Thailand. Decimal degrees and
water temperature data were recorded at sampling
sites. In addition, pH record with the pH meter (Mettler
Toledo, Ohio, USA), physico-chemical properties
(SevenCompact conductivity, Mettler Toledo, Ohio,
USA), Field water quality kits (Mahidol University,
Bangkok, Thailand), Eutech TN-100 waterproof turbidi-
meter (Thermo-Scientific, Bartlesville, USA), Color test kit
(Hach, Colorado, USA), and 3 M™ Petrifilm™ E. coli/
Coliform count plate 6404 (Emerald Scientific, CA, USA)
were analyzed. Two liters of the samples were filtered
with vacuumpump (Rocker 811, New Taipei City, Taiwan)
through sterile gauze once and then 1.2 μM-pore size
filter (Whatman, Buckinghamshire, United Kingdom). The
debris on filter paper were scraped into 30 mL Page’s
saline solution (PAS) (Himedia, Maharashtra, India) and
centrifuged at 3,000 × g for 30 min. The samples were re-
suspended in 20 mL of PAS, and preserved at 4°C.

2.2. Free-living amoeba cultivation

The sediment from each water sample was dropped on
moist non-nutrient agar (NNA: PAS and 1.5% biological
agar, Oxoid) on plastic petri dish overlaid with auto-
claved Escherichia coli (E. coli) ATCC25922 for 2–4 posi-
tions. The plates were incubated at room temperature.
The plates were then observed daily using an inverted
microscope (Nikon ECLIPSE TE2000-S, Tokyo, Japan)
during incubation for at least 2 weeks or until all
trophozoites moved out from sediment and formed

into cysts. Cyst-like morphology was sub-cultured by
transferring upside down <1 cm2 agar piece into new
NNA plus autoclaved E. coli lawn until homogenous
morphology was observed. Each Acanthamoeba spp.
clone was classified into three groups based on
Pussard and Pons criteria as described [11].

For the anti-Acanthamoeba activity of medicinal
plant extracts, parasite samples were directly inocu-
lated on NNA plates seeded with the suspension of
E. coli cells. The trophozoites were observed after 48–
72 h of incubation at room temperature. The amoeba
cells on the culture plates were scraped by sterile cell
scraper in Page’s Saline solution. The cells were
washed twice with Page’s saline solution and centri-
fuged at 3,000 × g for 5 min. The trophozoite viability
was investigated using a trypan blue exclusion assay.
The trophozoites were adjusted to a final concentra-
tion of 2 × 105 trophozoites/mL. The cysts were har-
vested when the cultures were incubated in 1 week.
The preparation and viability of the cysts were deter-
mined by the protocol described above.

2.3. Molecular and phylogenetic analysis

At least 2-mL PBS (pH 7.0) were rinsed on culture on
NNA and scraped to harvest trophozoites into micro-
tubes. Trophozoite suspension was centrifuged at
1,500 rpm for 5 min. The supernatant was removed
before adding 1 mL of PBS to wash. DNA was
extracted using Zymo kit (Zymo Research, CA, USA).
PCR was conducted to confirm Acanthamoeba genus
by Primer JDP1 (5′-GGCCCAGATCGTTTACCGTGAA-3′)
and JDP2 (5′-TCTCACAAGCTGCTAGGGGAGTCA-3′)
[12] by Thermocycler (Eppendorf, Hamburg,
Germany). The reaction mix (PCR Biosysems, London,
UK) was adapted in 25 μL per reaction. PCR conditions
include 1 min of 95°C for initial denaturation, 40
cycles: 15 s of 95°C for denaturation, 15 s of 60°C for
annealing, and 15 s of 72°C for extension, 15 s of 72°C
for a final extension, and 10°C for cooling. Amplicon
size is near 500 bps, purified (Geneaid, New Taipei
City, Taiwan), and sequenced (Macrogen, Seoul,
Korea) to collect phylogenetic data on ASA.A1 of
18S rDNA. Nucleotide sequences were BLASTed on
NCBI database and analyzed to create
a phylogenetic tree to identify species as
described [13].

2.4. Preparation of plant extracts

A total of 10 medicinal plants claimed to act as agents
that cured eye infection or parasite infection were
used and presented in Table 1. The plant materials
were dried and extracted with 95% ethanol. The sol-
vent was evaporated under reduced pressure.
Curcumin, a pure compound isolated from C. longa
rhizome, was used. The extracts and its pure
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compound were dissolved in 100% dimethyl sulfoxide
(DMSO) and stored at 4°C.

2.5. Anti-Acanthamoeba activity of the plant
extract against Acanthamoeba spp

Anti-Acanthamoeba activity of the extracts against
the trophozoites and cysts of Acanthamoeba spp.
was determined as described [14] with minor mod-
ification. The trophozoites and cysts were cultured
as described above. Each of trophozoites and cysts
was adjusted to a final concentration of 2 × 105

cells/mL. One hundred microliters of the parasite
suspension were added into 96 well microtiter
plates, containing 100 µL of serially diluted extract.
The plates were incubated at room temperature for
24 h. One percent DMSO was included as
a negative control. Inhibitory activity was carried
out using a trypan blue exclusion assay. The rela-
tive percentage of parasite viability was defined as
(mean of the treated parasite/mean of the control)
× 100. Meanwhile, the morphology of the tropho-
zoite and cyst forms of A. triangularis after treat-
ment with C. longa extract was investigated
preliminarily by inverted microscopy.

2.6. Determination of minimal inhibitory
concentration of C. longa extract and Curcumin
against A. triangularis

Minimal inhibitory concentration (MIC) of C. longa
extract and Curcumin against A. triangularis was inves-
tigated by broth microdilution method as described
[15]. The trophozoites and cysts were cultured as
described above. Each of trophozoites and cysts was
adjusted to a final concentration of 2 × 105 cells/mL.
A total of 100 µL of the parasite suspension were
added into 96 well microtiter plates, containing
100 µL of serially diluted C. longa extract and/or
Curcumin. Then, 1% DMSO and Chlorhexidine were
included as a negative and positive control,

respectively. The plates were incubated at room tem-
perature for 24 h. The MIC values were defined as the
lowest concentration that >90% growth inhibition of
the zoites and cysts, when compared with the negative
control.

2.7. Scanning electron microscopy

The morphology of A. triangularis cysts after treatment
with C. longa extract and Curcumin was observed in
Scanning electron microscopy (SEM). The cysts were
treated with different concentrations of the extract and
Curcumin in a 24-well plate with a sterile circular glass
coverslip. After 24-h incubation, the discs were washed
three times with PBS. The samples were fixed with 2.5%
glutaraldehyde in PBS for 24 h and subsequently washed
with PBS. The specimens were dehydrated in a series of
graded ethanol (25–100%), mounted on aluminum stubs,
and allowed to dry using a critical point dryer. The sam-
ples were then coated with gold particles and the mor-
phology of Acanthamoeba cysts after treatment was
subsequently examined under SEM.

2.8. Statistical analysis

The experiments were performed in triplicate. All data
were recorded and entered using the statistical package
software (SPSS Inc. Chicago, IL, USA). The data were
expressed as mean ± SD. Statistical analysis was ana-
lyzed by the two-tailed unpaired Student’s t-test. In all
analyzes, P < 0.05 were considered the statistically sig-
nificant difference.

3. Results

3. 1. Isolation and identification of free living
Acanthamoeba

A total of 32 water samples of each 8 points from 2
reservoirs including recreational and botanical garden
reservoirs at Walailak University, Nakhon Si Thammarat,
Thailand were collected (Figure 1). The results demon-
strated that 32 samples of environmental water were
contaminated with A. triangularis using microscopic
examination. The samples were recorded as A1.1, A1.2,
A2.1, A2.2, A3.1, A3.2, A4.1, A4.2, A5.1, A5.2, A6.1, A6.2,
A7.1, A7.2, A8.1, and, A8.2. The samples collected from
botanical garden reservoirs were named as B1.1, B1.2,
B2.1, B2.2, B3.1, B3.2, B4.1, B4.2, B5.1, B5.2, B6.1, B6.2,
B7.1, B7.2, B8.1, and, B8.2. Trophozoites (Figure 2(a)) and
cysts (Figure 2(b)) were observed from all the samples
within 1–2 weeks. Three groups of Acanthamoeba cysts
including Astronyxids (Figure 3(a)), Polyphagids (Figure 3
(b)), and Culbertsonids (Figure 3(c)) were classified base
on cyst morphology. Cysts from the sample no. A3.1

Table 1. Thai medicinal plants used in this study.
Botanical name Family Past used

Acmella oleracea (L.) R.K. Jansen Asteraceae Stem
Andrographis paniculata (Burm.f.) Wall.
ex Nees

Acanthaceae Leaf &
stem

Azadirachta indica A. Juss. var. siamensis
Valeton

Meliaceae Leaf

Coccinia grandis (L.) Voigt Cucurbitaceae Vine
Coscinium fenestratum (Gaertn.) Colebr. Menispermaceae Rhizome
Curcuma longa L. Zingiberaceae Rhizome
Ipomoea aquatica Forssk. Convolvulaceae Leaf &

Stem
Psidium guajava L. Myrtaceae Leaf
Syzygium aromaticum (L.) Merr. & Perry Myrtaceae Clove
Tamarindus indica L. Fabaceae Seed
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isolated from recreational reservoirs were chosen for
further study because they showed a high amount of
the cells.

3. 2. Molecular identification of Acanthamoeba
triangularis

The cyst from the sample no. A3.1 was further
identified using morphology and 18S rDNA

nucleotide sequences. The trophozoite form and
cyst form of the parasite was shown in Figures 4
(b) and 2(c), respectively. An isolated free-living
amoeba cyst has thin ectocyst and triangular or
four-pointed star endocyst and with 12–13 µM in
size which is classified in group II Acanthamoeba
spp. cyst morphology by Passard and Pons’s criteria.
PCR analysis of the isolate was conducted and
a specific 500 bp band was expectable on an

Figure 1. Map showing the area of water collection. A is recreational reservoir while B is botanical garden reservoir at Walailak
university, Nakhon Si Thammarat, Thailand. The water samples were collected from 8 points of each the reservoirs. The large
images are the aerial view of the ponds water. The small images are the sampling location.

Figure 2. Acanthamoeba trophozoites (a) and cysts (b) found in recreational and botanical garden reservoirs. Magnification of
400X.
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agarose gel (Figure 4(a)). It was speculated that the
isolate was positive for Acanthamoeba on PCR using
genus-specific primers (JDP1 and JDP2). To identify
the species, the 18S rRNA gene sequence of the
parasite was further compared with Acanthamoeba
sequences in the GenBank database. It was found

that the parasitic isolate belonged to A. triangularis
with a 100% similarity of 373 bps. Figure 5 shows
the nucleotide sequence of the isolate
A. triangularis. The genome sequences of the iso-
lates were submitted to the GenBank database
under the accession numbers KX231518.

Figure 3. Microphotographs of isolated Acanthamoeba cysts including Astronyxids (a), Polyphagids (b), and Culbertsonids (c).

Figure 4. Identification of Acanthamoeba triangularis using molecular technique (a) and morphology (b and c). Agarose gel
electrophoresis of the amplified products of Acanthamoeba-DNA extracted from the sample no. A3.1(a). Acanthamoeba triangu-
laris trophozoites (b) and cysts (c).

Figure 5. Gene sequence of 18S rRNA Acanthamoeba triangularis isolate no. A3.1. The results exhibited that 373 bp of
phylogenetically informative ASA.A1 sequence of 18S rDNA are identical to Acanthamoeba triangularis accession number
KX231518.
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3.3. Anti-Acanthamoeba activity of Thai
medicinal plant extracts against Acanthamoeba
trophozoites and cysts

Anti-Acanthamoeba activity of 10 ethanol plant extracts
(Table 1) against Acanthamoeba trophozoites and cysts
was investigated. All the extracts significantly inhibited
the growth of Acanthamoeba trophozoites, compared
with the control (P < 0.05) (Figure 6). C. longa extract
exhibited the strongest anti-trophozoite activity against
Acanthamoeba, followed by Coscinium fenestratum,
Coccinia grandis, Acmella oleracea, and Ipomoea aquatica,
respectively. After 24 h, a 95% reduction of trophozoite

viability was significantly decreased following the treat-
ment with C. longa extract at 125 µg/mL when compared
with the control. Furthermore, an 80% reduction of the
trophozoites was observed when the microorganisms
was treated with C. fenestratum, C. grandis, A. oleracea,
and I. aquatica extracts at 125–250µg/mL, comparedwith
the negative control.

The medicinal plant extracts were further deter-
mined for their anti-Acanthamoeba activity against
Acanthamoeba cysts. C. longa showed the strongest
anti-Acanthamoeba activity against Acanthamoeba
cysts, followed by C. fenestratum extracts (Figure 7).
After 24 h, a significant decrease in a 90% viability of

Figure 6. Effects of medicinal plant extracts on viability of Acanthamoeba spp. trophozoites. Cells were treated with different
concentrations of the extracts, incubated at room temperature for 24 h (a), 48 h (b), and 72 h (c). Inhibitory activity was carried out
using trypan blue exclusion assay. 1% DMSO was used as negative control. The relative percentage of cyst viability was defined as
(mean of the treated cysts/mean of the control) × 100 (* significant difference; P < 0.05).

Figure 7. Effects of medicinal plant extracts on viability of Acanthamoeba spp. cysts. Cells were treated with different concentra-
tions of the extracts, incubated at room temperature for 24 h (a), 48 h (b), and 72 h (c). Inhibitory activity was carried out using
trypan blue exclusion assay. 1% DMSO was used as negative control. The relative percentage of cyst viability was defined as (mean
of the treated cysts/mean of the control) × 100 (* significant difference; P < 0.05).
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Acanthamoeba cysts was detected following the treat-
ment with C. longa extract at 1,000 µg/mL, compared
with the control (P < 0.05). The activity of C. longa
extract was concentration and time-dependent man-
ner observed after 24, 48, and 72 h. Therefore, C. longa
extract was chosen for the further studies.

3.4. Effects of C. longa extract on Acanthamoeba
trophozoites and cysts

The effects of C. longa extract on A. triangularis cells
were determined by an inverted microscope. After 24
h, both trophozoite and cyst form of A. triangularis
were observed in the negative control while the cyst
form was detected in the treatment groups (Figure 8).
In addition, the triangle shape of A. triangularis cysts
was observed in non-treated cells (Figure 9). It was
found that the cysts treated with the extract at
500 µg/mL demonstrated deformity (abnormal shape)
after the initial 24 h.

3.5. Minimal inhibitory concentration (MIC) of
C. longa extract and Curcumin against
A. triangularis

The MIC values of C. longa extract and Curcumin
against A. triangularis trophozoites and cysts are pre-
sented in Table 2. The extract demonstrated strong
anti-Acanthamoeba activity against A. triangularis tro-
phozoites and cysts with the MIC values of 125 and
1,000 µg/mL, respectively. The MIC values of Curcumin
against the trophozoites and cysts were 62.5 and
500 µg/mL, respectively.

3.6. Morphology of A. triangularis cysts after
treatment with C. longa extract and Curcumin

The morphology of A. triangularis cysts after treatment
with C. longa extract and pure Curcumin compound was
observed in SEM. The cysts, triangular in shape and
smooth surface, were observed in the control (Figure 10
(a–c)). It was found that the cysts treated with the extract

Figure 8. Effects of Curcuma longa extract on Acanthamoeba spp. trophozoites. Cells were treated with the extract at different
concentrations, incubated for 24, 48, and 72 h. One percent DMSO was included as negative control. Images of the treated cysts
were observed by inverted microscope (200X). After 24 h, trophozoite form of A. triangularis was observed in the negative control
while the cyst form was detected in the treatment groups.
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(Figure 10 (d–i)) and Curcumin (Figure 10(j–o)) at 0.5 and
1× MIC showed deformity in the form of shrinkage
shapes, when compared with the control. These shrink
cysts were also observed when challenged with the
extract and the pure compound at 0.5× MIC.

4. Discussion

Acanthamoeba spp. are the main cause of keratitis in
contact lens users [5]. The present study interestingly
detected the occurrence of Acanthamoeba spp. in dif-
ferent pond water samples, as also reported in
a previous study [16]. Our finding further identified
the species of Acanthamoeba using the 18S rRNA

gene sequence and A. triangularis was subsequently
confirmed with 100% similarity, compared to the
GenBank sequence database. The sensitive high-
performance molecular-based method should there-
fore be recommended for the species identification of
this free-living amoeba [17].

The present study is focused on anti-Acanthamoeba
activity of ethanol extracts of Thai medicinal plants
based on eye infection treatment. The results demon-
strated that C. longa extract showed the strongest anti-
Acanthamoeba activity against both the trophozoites
and cysts. Interestingly, C. longa essential oil has been
reported of inhibiting Acanthamoeba spp. tropho-
zoites but not for the cyst form [18]. Inhibition of
A. castellanii cysts by C. longa ethanol extract has
been reported [19]. In addition, C. longa extract pos-
sessed other anti-parasitic activities against various
pathogenic organisms including Ascaridia galli [20],
Haemonchus larval stage [21], Schistosoma mansoni
[22], and Trypanosoma spp [23].

Curcumin, the main bio-active compound, is isolated
from C. longa that serves for various therapeutic and

Figure 9. Effects of Curcuma longa extract on Acanthamoeba spp. cysts. Cells were treated with the extract at different
concentrations, incubated for 24, 48, and 72 h. One percent DMSO was included as negative control. Images of the treated
cysts were observed by inverted microscope (200X). Triangle shape of A. triangularis cysts was observed in non-treated cells. It was
found that the cysts treated with the extract at high concentration demonstrated abnormal shape after 24 h.

Table 2. Minimal inhibitory concentration (MIC) of C. longa
extract and Curcumin against Acanthamoeba triangularis tro-
phozoites and cysts.

MIC (µg/mL)

Antimicrobial agents Trophozoites Cysts

C. longa extract 125 1,000
Curcumin 62.5 500
Chlorhexidine 6.25 25
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preventive purposes. The present study demonstrated
that the MIC values of Curcumin was two times lower
than those of the C. longa extract. It has been high-
lighted that the compound is a bio-active compound
presented in the plant species [24]. It has also been
reported that dimethoxy Curcumin, curcuminoids pre-
sented in C. longa rhizomes, exhibited significant amoe-
bicidal effects against A. castellanii [25]. Moreover,
Curcumin possesses biological activity such as anti-
inflammatory, antioxidant, antiviral, and antibacterial
properties [26].

Interestingly, cysts treated with C. longa extract and
Curcumin demonstrated shrinkage in shapes, when
compared with the control. Generally, it has been
reported that the cyst stage of Acanthamoeba spp. is
resistant to various environmental stressors, such as
extreme conditions (starvation, temperatures, pH,
osmolarity, irradiation, and drugs) [27,28], and antimi-
crobial substances [7,8]. Our study clearly supports the
role of stress management, demonstrating the efficacy
of this plant extract and its pure compound in
A. triangularis with the deformity of cysts after treat-
ment, as shown in Figure 10.

Overall, the results demonstrated that C. longa
extract and Curcumin showed the strongest anti-
Acanthamoeba activity against A. triangularis compared
with the tested plant extracts. However, the cysts were
not completely inhibited by the extract due to the
strong layers of the cyst walls. Diamidines and bigua-
nides are often the first-line therapy for Acanthamoeba
keratitis [29]. In addition, the treatment of this disease
requires several months due to the stage of the cyst.
Therefore, medical therapeutic intervention tends to
produce more side effects in the long-term [30]. It was
suggested that combination of currently available drugs
and/or natural products could be used as an alternative

strategy to kill Acanthamoeba. The anti-Acanthamoeba
synergistic effect of chlorhexidine and cationic carbosi-
lane dendrimers against the trophozoite and cyst forms
of A. polyphaga has been reported [30]. Currently, the
synthesis of nanoparticles using plant extracts has been
reported as one of the ways to improve the efficacy of
these compounds in destroying the cysts [31]. In addi-
tion, the aqueous extract of Nigella sativa in combina-
tionwith chitosan nanoparticles has shown interestingly
synergistic effects against Acanthamoeba keratitis [32].
To support this, additional studies on Curcumin are
ongoing in our laboratories to validate the efficacy in
the treatment of Acanthamoeba infection.

5. Conclusion

The results demonstrated that C. longa extract and
Curcumin showed the strongest anti-Acanthamoeba
activity against both the trophozoites and cysts. After
24 h, a 95% reduction of trophozoite viability was
significantly decreased following the treatment with
C. longa extract at 125 µg/mL, compared with the
control. In addition, the extract at 1,000 µg/mL inhib-
ited a 90% viability of Acanthamoeba cyst within 24
h when compared with the control. C. longa extract
and Curcumin showed strong anti-Acanthamoeba
activity against the zoites with low MIC values. The
results suggested the potential medicinal benefits of
the extract and Curcumin for the treatment of
Acanthamoeba infections. It is also strongly recom-
mended for further study on biofilms, proteomics,
metabolomics as well as nano-preparation (in simple
or combined forms) on Curcumin to see the potential
source of this plant-based against Acanthamoeba
infection in the near future.

Figure 10. Morphology of A. triangularis cysts after treatment with C. longa extract and Curcumin. The cells were treated with the
extract and Curcumin at different concentrations. One percent DMSO was used as negative control. Morphology of the cysts was
observed by SEM. Magnification: A, D, G, J, M = 5,000X; B, E, H, K, N = 10, 000X; C, F, I, L, O = 25,000X.
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